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Abstract 
Germination and Growth of Alfalfa (Medicago sativa L.) Irrigated with 
Different Dilutions of Red Sea Water 
Haydar Yousuf Ahmad Yousuf 
 
Two experiments were conducted at the Faculty of Agriculture 
University of Khartoum to evaluate germination capacity and growth of four 
cultivars of alfalfa (Medicago sativa L.), irrigated with mixtures of Red Sea 
water and fresh water. The cultivars were Higazee, Yazd, Siriver and 
Cuf101.  Plants were grown in loamy sand culture in plastic pot. The plants 
were irrigated with mixture water of EC 0.4, 3.4, 5.5, 9.8 and 16.5 and 0.4, 
2.5, 3.4, 4.6 and 5.5dSm-1 for the first experiment and second experiment 
respectively. Measurements made in the study included plant height, leaf 
number and root/ shoot ratio.  
The threshold value at which plants germinated was 3.4 dSm-1 (1:15 
Seawater: Freshwater) for all cultivars. Water with EC 3.4dSm-1 resulted in 
an acceptable germination level for all cultivars. A mixture with EC above 
that would either result in germination percentage around 50% or may lead 
to a complete failure of germination.  
Generally, increasing the level of salinity of irrigation water 
significantly decreased the rate of growth.  Significant genotypic differences 
in plant height, leaf number and root/ shoot ratio were found among the 
cultivars under different saline water treatments. Cultivar Yazd appeared to 
be the most salt tolerant in terms of plant height, number of leaves and root/ 
 XII
shoot ratio. It was generally observed that Cuf101 and Siriver cultivars are 
slow growers even under fresh water. Growth was severely checked by 
water of EC 2.5dSm-1 indicating a very low tolerance of alfalfa to saline 
irrigation water.  
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 إﻧﺒﺎت وﻧﻤﻮ اﻟﺒﺮﺳﻴﻢ روي ﺑﻤﺨﺨﻔﻔﺎت ﻣﺨﺘﻠﻔﺔ ﻣﻦ ﻣﻴﺎﻩ اﻟﺒﺤﺮ اﻻﺣﻤﺮ
 
 ﺣﻴﺪر ﻳﻮﺳﻒ اﺣﻤﺪ ﻳﻮﺳﻒ
 
 ﻻرﺑﻌﺔ ﻘﻴﻴﻢ ﻣﻌﺪل اﻻﻧﺒﺎت واﻟﻨﻤﻮﻟﺘﺑﻜﻠﻴﺔ اﻟﺰراﻋﺔ ﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم  نﺎأﺟﺮﻳﺖ ﺗﺠﺮﺑﺘ: ﺴﺘﺨﻠﺺاﻟﻤ
 ﻴﺎﻩ ﻣﻦ ﻣﻴﺎﻩ اﻟﺒﺤﺮ اﻻﺣﻤﺮ واﻟﻤﺑﻤﺰﻳﺞ    روﻳﺖ ).L avitas ogacideM(    اﻟﺒﺮﺳﻴﻢ ﻣﻦ أﺻﻨﺎف
 101  واﻟﻜﻒ reviriS اﻟﺴﻴﺮﻳﻔﺮ، dzaY اﻟﻴﺎزد، eezagiH   هﻲ اﻟﺤﺠﺎزيأﺻﻨﺎف اﻟﺒﺮﺳﻴﻢ. ﻌﺬﺑﺔاﻟ
 ﺖوﻳُر.  ﻓﻲ أواﻧﻲ ﺑﻼﺳﺘﻴﻜﻴﺔ dnas ymaol ﻧﻤﺖ  اﻟﻨﺒﺎﺗﺎت ﻓﻲ ﻣﻬﺪ اﻟﺮﻣﻞ اﻟﻄﻔﻠﻲ  .,101fuC
، 4.0 دﻳﺴﻴﺴﻤﻨﺰ و   5.61و  8.9، 5.5  ، 4.3 ، 4.0 آﻬﺮﺑﻲ ﺗﻮﺻﻴﻞﻣﻤﺰوﺟﺔ ذات  ﺑﻤﻴﺎﻩ اﻟﻨﺒﺎﺗﺎت
ﺳﺎت ﻟﻜﻞ ﺗﺠﺮﺑﺔ ﺎﺟﺮﻳﺖ ﻗﻴُا .ﺘﻮاﻟﻲﻟ ﻟﻠﺘﺠﺮﺑﺔ اﻻوﻟﻲ واﻟﺜﺎﻧﻴﺔ ﻋﻠﻲ ا ﻨﺰ دﻳﺴﻴﺴﻤ5.5  و6.4، 4.3، 5.2
  .وﻣﻌﺪل اﻟﻤﺠﻤﻮع اﻟﺠﺬري ﻟﻠﻤﺠﻤﻮع اﻟﺨﻀﺮي، ﻋﺪد اﻻوراق، ﺷﻤﻠﺖ ﻃﻮل اﻟﻨﺒﺎت
 5:1)،  دﻳﺴﻴѧﺴﻤﻨﺰ 8.9  ﺗﻮﺻﻴﻞ آﻬﺮﺑﻲ أﻋﻠﻲ ﻗﻴﻤﺔ ﻟﻠﻤﺎء اﻟﻤﺎﻟﺢ اﻟﺘﻲ ﺗﺒﺪأ ﻋﻨﺪهﺎ اﻟﺒﺬور ﻓﻲ اﻻﻧﺒﺎت هﻲ  
 ﻧﺘﻴﺠѧѧﺔ ﻣﻨﺎﺳѧѧﺒﺔ ﺖ دﻳﺴﻴѧѧﺴﻤﻨﺰ أﻋﻄѧѧ 4.3 ﺗﻮﺻѧѧﻴﻞ آﻬﺮﺑѧѧﻲ تاﻟﻤﻴѧѧﺎﻩ ذا  .( اﻟﻤﻴѧѧﺎﻩ اﻟﻌﺬﺑѧѧﺔ ﻣﻴѧѧﺎﻩ اﻟﺒﺤﺮاﻟѧѧﻲ 
ﻌﻄѧﻲ ﻤѧﺴﺘﻮي ﻗѧﺪ ﺗ ﻟﻋﻠѧﻲ ﻣѧﻦ هѧﺬا ا اﻷ  اﻟﻜﻬﺮﺑѧﻲ ﻣﻴѧﺎﻩ ذات اﻟﺘﻮﺻѧﻴﻞ  .ﺻѧﻨﺎف ﻧﺒѧﺎت ﻟﻜѧﻞ اﻷ ﻟﻤﺴﺘﻮﻳﺎت اﻹ 
اﻟѧﻲ إﻧﺨﻔѧﺎض  ﻟﻤﻠﻮﺣѧﺔ ازﻳѧﺎدة  أدتﺑѧﺼﻮرة ﻋﺎﻣѧﺔ .ﻘѧﻮد اﻟѧﻲ ﻓѧﺸﻞ اﻻﻧﺒѧﺎت و ﺗ أ%05ﻧﺒѧﺎت ﻗﺮﻳﺒѧﺎ ﻣѧﻦ إ
  .ﻣﻌﻨﻮي ﻓﻲ ﻣﻌﺪل اﻟﻨﻤﻮ
ﻤﺠﻤѧﻮع اﻟﺠѧﺬري وراق وﻣﻌﺪل اﻟﻻﻋﺪد ا،ﻃﻮل اﻟﻨﺒﺎت ﻻﻧﻮاع ﻓﻲ ا  ﺑﻴﻦ ﻣﻌﻨﻮﻳﺔوﺟﺪت ﻓﺮوﻗﺎت 
ﻋﻠѧﻲ اﻧѧﻪ dzaY ﻇﻬѧﺮ اﻟѧﺼﻨﻒ ﻳѧﺎزد .  ﺗﺤѧﺖ ﻣﻌѧﺎﻣﻼت ﻣﺨﺘﻠﻔѧﺔ ﻣѧﻦ اﻟﻤﻴѧﺎﻩ اﻟﻤﺎﻟﺤѧﺔ ﻀﺮيﻟﻠﻤﺠﻤѧﻮع اﻟﺨѧ 
   .ﺨﻀﺮياﻟع ﻮﻤﺠﻤﻮع ﺟﺬري ﻟﻠﻤﺠﻤاﻟ وراق وﻣﻌﺪلاﻷﻋﺪد ، ﻨﺒﺎتاﻟ ﻃﻮل ﻓﻲ ﺑﻨﺪاﻻآﺜﺮ ﻣﻘﺎوﻣﺔ ﻟﻠﺘﻤﻠﺢ 
 دﻳﺴﻴﺴﻤﻨﺰ ﻣﻤﺎ ﻳѧﺸﻴﺮ اﻟѧﻲ أن 5.2ﺗﻮﻗﻒ اﻟﻨﻤﻮ اﻟﻲ ﺣﺪ آﺒﻴﺮ ﻋﻨﺪ اﻟﺮي ﺑﻤﺎء ذو ﺗﻮﺻﻴﻞ آﻬﺮﺑﻲ 
  .اﻟﺒﺮﺳﻴﻢ ﻟﻪ ﺗﺤﻤﻞ ﺿﻌﻴﻒ ﺟﺪًا ﻟﻤﺎء اﻟﺮي اﻟﻤﺎﻟﺢ
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Chapter One 
 
Introduction 
 
                 Earth may be the Ocean Planet, but most terrestrial creatures 
including humans depend for food on plants irrigated by fresh water from 
rainfall, rivers, lakes, springs and streams. None of the top five plants eaten 
by man, wheat, corn, rice, maize, sorghum, potatoes and soybeans can 
tolerate salt: expose them to seawater, and they droop, shrivel and die within 
days. One of the most urgent global problems is finding enough water and 
land to support the world’s food needs (GLenn   et al., 1998). 
 As competition for limited water resources increase, it is reasonable to 
assume that agriculture will   have to   do with water of poor quality .One 
challenge of the future will be to maintain or even increase crop production 
with less water that often may be of poor quality, (Shani and Dudly, 2001).  
Several countries, where fresh water supply of growing population became 
already critical, follow the strategy to replace good quality water by 
marginal waters ( brackish as well as treated waste water for agriculture), 
(Kuck, 1999).  
Worldwide, but especially in most developing countries, irrigated agriculture 
plays an increasing role for food supply of growing population. According to 
FAO (1998), it is assumed that about 30% of the irrigated areas suffer from 
salinity problems, which corresponds to an area of more than 100 million ha. 
worldwide. For some countries the percentage of salt affected land is even 
higher. A land resource of 1 billion ha (saline desert, coastal soils) can be 
developed for food production, when more salt-tolerant plants such as 
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halophytic species are taken into consideration for cultivation (Boeer and 
Ghais, 1999).                              
  Water scarcity and the implications of population growth are 
threatening all arid regions. Most Arab countries (67%) are receiving rain 
fall less than 100 mm per year. About 15 to 17 million hectares of land per 
year were not utilized due to inadequate water resources (AOAD, 2003). 
The need for salt-tolerant crops increase each year as a growing world 
population seeks to feed it self with ever-decreasing soil resources and 
dwindling fresh water supplies. Heightened expectation with respect to the 
quality of life is increasing this demand, while salinization of soils in many 
parts of the world is reducing acreage available for conventional agriculture. 
Sudan is a large country (2.5×106 km2) dominated by arid and semi-arid 
tropical regions that favor the formation of salt - affected soils. High salinity 
soils occur where the average annual rainfall is less than 200mm. In most 
soils average salinity tends to increase with depth (Mustafa, 1986). 
The Red Sea State suffers from the impact of desertification and shortage of 
water for both domestic use and agriculture. Hunger and famine are 
widespread as crop production is seriously limited by scarce and erratic 
winter rainfall. The limited fresh water resources for agriculture in the Red 
Sea State prompt to look for other resources of water. In spite of the limited 
rain fall, several water courses and wadies descend from the Red Sea hills 
and, with exception of the large ones such as Arabaat, most of their water 
flows into the Red Sea. If such water is to be harvested and mixed with 
water pumped from the Red Sea, the resulting water could be used for 
production of crops, fodder plants and trees. The level of salinity tolerated 
by such plants must of course be determined and the most promising 
varieties be selected. Alfalfa (Medicago Sativa L.) is a fodder crop of great 
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importance in Sudan. It is mainly produced under irrigation in the country. If 
varieties tolerant to water of high salinity could be detected, they might 
prove useful for production in the Red Sea State using mixed sea water. 
They may contribute to sustainable animal production in the state. 
Hence, the objective of this study is to screen several varieties of alfalfa for 
successful growth using different levels of Red Sea water mixed with fresh 
water.  
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Chapter Two: 
 
2.1    Alfalfa 
2.1.1:  Alfalfa description 
Anon (1984) reported that alfalfa (Medicago sativa L.) belongs to the family 
Fabaceae. Other common names of the plant are lucerne, buffalo herb, 
purple media, and queen of forage. Mediawiki. org. (2007) reported that 
alfalfa is a strongly perennial plant which is able to live thirty years or more 
under favorable conditions. Heinrichs (1961) reported that alfalfa lives from 
two to twelve years, depending on variety and climate. It is a cool season 
perennial legume. It grows some times to a height of one meter, it has deep 
root system, providing the plant with a rich source of nutrients not always 
found at ground surface. The root system consists of a strong main root from 
which secondary side roots branch off. This makes it very resilient, 
especially to drought. It has a tetraploid genome. 
 Mediawiki. org., (2007) and Abu Suwar (2004) reported that alfalfa is best 
adapted to deep, fertile, well-drained soil with pH of 6.8 – 7.5, but it can be 
grown with conservative management on more marginal soils. It requires a 
high level of fertility for establishment, especially phosphorus. 
Alfalfa is a plant that exhibits autotoxicity, which means that it is difficult 
for alfalfa seed to grow in existing stands of alfalfa. Therefore, it is 
recommended that alfalfa field be cleared or rotated before reseeding, 
(Mediawiki. org, 2007), also, it is reported that alfalfa has the highest 
feeding value of all common hay crops, being used less frequently as 
pasture. 
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As there are no runners or creeping roots, all the overground branches start 
from the uppermost part of the taproot which generally protrudes above the 
ground and is known as the crown. With increasing age, the crown is apt to 
split into two or more branches, the upper ends of which are free and form a 
kind of tuft, sometimes of considerable circumference. The stems, which in 
old plants are exceedingly numerous, are generally from two to three feet 
high at flowering time. As a rule, they are little branched, especially when 
the stand is dense. They are round below, more or less angular towards the 
top, and usually smooth. The leaves, which are alternate, consist of three 
leaflets. The flowers are in a short and somewhat one-sided cluster. Each 
cluster contains from ten to twenty purple to yellow flowers of the ordinary 
leguminous shape (Clark, 2009). 
Pods of alfalfa range from the sickle type to those that are twisted into 
spirals. Each pod contains several small kidney-shaped seeds (Anon., 2009).  
 
2.1.2   Alfalfa Growth Requirements  
.  
Abu Sowar, (2005) reported that it has two sowing date: Fall seeding in 
September – October, and Spring seeding in March – April. 
Fall dormancy is a major characteristic of alfalfa varieties. Dormant varieties 
have reduced growth in the fall, a response due to low temperatures and 
reduced day lengths. Non-dormant varieties exhibit winter growth activity, 
and therefore, are grown in long-season environments, whereas dormant 
lines are grown in spring. Non-dormant lines are susceptible to winter-kill in 
cold climates, and have poorer persistence, but can have higher yielding. 
(Mediawiki org., 2007). Alfalfa grows best on deep, well-drained, friable 
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soils. Lands subject to frequent overflows or high water tables are 
unfavorable for alfalfa. The pH of the soil should be 6.5 or above.  
2.1.3   Alfalfa in Sudan  
Alfalfa is an important legume and forage crop in Sudan. It is good for soil 
because of it is ability to add high level of nitrogen and reduce soil erosion 
(Jacobs, 1984, and Mediawiki.org 2007). Abu Suwar (2004) reported that 
Total planted area in Sudan is about 125000 feddan, and total production is 
about 1062500 tons/year. Most of alfalfa is grown in Sudan by flood 
irrigation.  
  
2.2    Salinization as a desertification process: 
                 
 Desertification processes vary with the prevalent land use system. The three 
major land use systems in the ecosystem prone to desertification include: 
rangeland, rain – fed crop land and irrigated crop land. The main 
desertification processes in these systems are salinization and sodication. 
The irrigation of salt-affected soils in the arid and semi-arid region may 
cause the accumulation of excessive amount of salt in the root zone. The use 
of high salinity water, to irrigate slowly permeable soil, causes accumulation 
of salt in the soil profile (Mustafa 2007).    
     The main characteristic of the arid regions is that they have low erratic 
rainfall in which during the greater part of the year, precipitation is less than 
potential evapotranspiration (Salih, 1996). This is the major reason for 
salinity in arid regions. Salinity in agricultural land is usually confined to 
arid and semi-arid regions where rainfall is not adequate to leach salts from 
the plant root zone (Al-Jaloud and Hussain, 2004). Salinity has been shown 
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to affect the time and rate of germination, the size of plant, branching, leaf 
size, and over all plant anatomy (Poljakoff - Mayber and Gale, 1975). 
     Salinity is the total of all the salts dissolved in water. It varies from place 
to place and from time to time. Soil salinity is usually measured and 
expressed on the bases of electrical conductivity (ECe) of the saturation 
extract of the soil. The ECe is defined as electrical conductivity of the soil 
water solution after the addition of a sufficient amount of distilled water to 
bring the soil water content to saturation (FAO, 1998). 
       2.3   Effect of salinity stress  
                  Soil plays a major role in determining the amount and availability 
of plant nutrients and toxic materials. The stress environment developed in 
saline soils is mediated by toxic concentration of salts (commonly NaCl), 
combined with an osmotic stress incited by the soil solution. However, 
additional stress factors may occur in such soils depending on soil type. Soil                          
salinity is rarely a static phenomenon because salt is transported in the soil 
under the effect of water flow, and its direction. Such effects become more 
serious with irrigation under high evaporative demand. When plants grow 
under saline condition, they are subjected to three types of stress, water 
stress caused by osmotic effects, mineral toxicity stress and, disturbances in 
the balance of mineral nutrition (Ahmed and Ahmed, 2007). 
2.4   Growth of plants under high soil salinity 
             
 Plants have several mechanisms to adjust to a saline environment. Lots of 
information states that roots play a crucial role for short-term adaptation to 
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salt tolerance. When concentrated salts surround the root, it is thought that 
the morphology of the roots affects the amount of salt taken into the plant 
(Maggio et al., 2001). Some features of root must be advantageous because 
they help the root take in water. Because salinity is first perceived in the 
root, the root sends the signal hormone abscissic acid, which directly or 
indirectly down regulates the leaf expansion rate (Rausch et al., 1996). Salt 
exclusion from the root is likely to be part of the salt tolerance found in 
plants. However, when salt ions make it into the plant, they accumulate in 
the leaf. It is beneficial to the cells of the leaves to compartmentalize the salt 
ions into the vacuoles. Leaf cell growth is sensitive to salts, because the 
energy used for compartmentalization takes energy away from cell growth 
(Volkmar et al., 1998). Growth could be considered a means of regulating 
the concentration of salt, although high concentration of salt induces 
inhibition of growth when the plant needs to continue growth to dilute salt 
concentrations and find space for vacuoles. All of these broad reactions to 
salt stress could be target systems to regulate tolerance by the plants: the 
structural components of the roots, ion transporters, or cell wall and 
membrane components (Winicov and Bastola, 1997).  
             Many studies have shown that salt stress can also be alleviated by an 
increased supply of calcium to the growth medium. Depending on the 
concentration ratio, sodium and calcium can replace each other from the 
plasma membrane, and calcium might reduce salt toxicity (Rausch et al., 
1996). If none of these mechanisms are available to the plant, eventually the 
leaf death rate will overcome the leaf growth rate and plant death will occur.    
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2.5 Salt effects on soil and plants: 
 
Salt in the soil water solution can reduce evapotranspiration (ET) by 
making soil water less available for plant root extraction. The presence of 
salt in soil water reduces the water potential of soil water solution and extra 
energy must be exerted by plant to extract water from it due to high affinity 
of salt for water. In addition, some salts have toxic effect (e.g. sodium and 
chloride toxicities) and induce nutrients deficiencies which can reduce plant 
growth by reducing the rate of leaf growth. 
                 Generally crop water supply is good, when soil moisture is close 
to soil field capacity and soil salinity is low. Decreasing soil water content 
reduces water uptake by roots. This reduction of root water uptake is even 
higher when soil salinity is involved. Plant water supply and plant available 
soil water are closely related to the total soil water potential (Ψt). Water 
potential Ψt = soil matric (Ψm) potential + soil osmotic potential (Ψo). 
(Ayers and Westcot, 1989). 
   Saleh and Letey (1990) studied the physical properties of a sodium- 
treated soil as affected by two polymers. Their investigation showed that 
increasing value of SAR led to decreasing aggregate stability, increasing dry 
strength and decreasing flocculation of soil. 
Generally, saline soils were classified by the Soil Society of America as 
having an EC >4 mmhos/cm (or Ds/m), while a threshold of 2 to 4 
mmhos/cm is considered by others (Ahmed and Ahmed, 2007). 
Unger (1982) studied the effect of mixed Na/Ca solution on swelling, 
dispersion and transient water flow in unsaturated montmorillonitic soils. 
These results showed that swelling and dispersion increased when Sodium 
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Adsorption Ratio (SAR) increased and/or electrolyte conductivity decreased. 
Also, penetrability and unsaturated hydraulic conductivity decreased with 
the increase in SAR and/or decrease in electrolyte conductivity. 
For many agricultural purposes and in locations such as arid range lands, the 
cost and lack of water make reclamation of saline soils prohibitive. The 
alternative reclamation procedure is to grow salt-tolerant species and cultivar 
in soils with salt problems (Acharya et al., 1992). 
El Nour, et al. (2006); found that high NaCl concentration reduced the 
growth of plant of all species. 
 
2.6 Use of saline water in agriculture  production 
        Seawater agriculture is an old idea that was first taken seriously after 
World War II. In 1949 ecologist Hugo Boyko and horticulturalist Elisabeth 
Boyko went to the Red Sea town of Eilat during the formation of the state of 
Israel to create landscaping that would attract settlers. Lacking freshwater, 
the Boykos used a brackish well and seawater pumped directly from the 
ocean and showed that many plants would grow beyond their normal salinity 
limits in sandy soil (Boyko Hugo, 1967).  
Normally, crops are irrigated only when the soil dries to about 50 percent of 
available water. In addition, in freshwater irrigation, farmers add only 
enough water to replace what the plant has used. In contrast, sea water 
irrigation requires copious and frequent, even, daily irrigation to prevent salt 
from building up in the root zoon to a level that inhabits growth (Glenn et 
al., 1998). The development of seawater agriculture has taken two 
directions; some investigators have attempted to breed salt tolerance into 
conventional crops, such as barley and wheat. For example, Emanuel 
Epstein’s research team at the University of California at Davis showed as 
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early as 1979 that strains of barley propagated for generations in the 
presence of low levels of salt could produce small amounts of grain when 
irrigated by comparatively saltier seawater (Glenn et al., 1998). 
Unfortunately, subsequent efforts to increase the salt tolerance of 
conventional crops through selective breeding and genetic engineering in 
which genes for salt tolerant plants were transferred to other plants have not 
produced good candidates for seawater irrigation. Others have been to 
domesticate wild, salt-tolerant plants, called halophytes, for use as food, 
forage and oilseed crops. Hugo Boyko and Boyko reasoned that changing 
the basic physiology of a traditional crop plant from salt-sensitive to salt-
tolerant would be difficult and that it might be more feasible to domesticate 
a wild, salt-tolerant plant. They began seawater agriculture efforts by 
collecting several hundred halophytes from throughout the world and 
screening them for salt tolerance and nutritional content in the laboratory 
(GLenn, et al., 1996). 
               Irrigation water which contains relatively higher concentration of 
sodium than divalent calcium and magnesium ions, which is expressed as 
sodium absorption ratio (SAR), can cause soil sodicity with concentration 
expressed in mmol (+) dm-3 (Richards et al., 1996). SAR is defined by the 
equation: 
                           Na  
SAR =         (Ca + Mg) 
                           2 
  
                        Schleiff (2006) reported that recent decades have already achieved 
much progress in the application of saline water for crop irrigation, and also 
 12
in Table (2-1) showed that in 1954 EC value of water in the range of 0.75 – 
2.25 dSm-1 were consider as highly saline, whereas almost 50 years later in 
1992 water of 10 – 25 dSm-1 is classified as highly saline. 
 
Table (2-1): Evaluation of irrigation water salinity changing with time 
EC of water in (dSm-1) 
CLASIFICATION USDA,1954 FAO,1976 FAO,1992 
Non-saline <0.25 <0.75 <0,75 
Slightly saline   0.65-2 
Moderately saline 0.5-0.75 o.75-3.0 2-10 
Highly saline 0.75-2.25 >3.0 10-25 
Very highly saline 2.25-5.0  25-45 
        Sea water: >45ds/m 
 (Source: Schleiff (2006)) 
               
 Basically the concept of high frequency irrigation at smaller 
application rates assumes a lower salinity to plant as change in soil osmotic 
and matric water potentials are smaller between water applications. However 
there are cases where this concept failed (Pasternak et al., 1989). 
              Salinity of seawater exceeds the limit tolerated by conventional crop yields. 
An alternative method is the domestication of naturally occurring halophytes 
having different levels of salt tolerance (Glenn et al. 1996). 
Use of sea water in agriculture has led to more emphasis on fresh water 
conservation as found in experiments conducted in United Arab Emirates 
(Riley et al., 1994). 
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Practices of blending fresh water and saline water to keep the salt load in the 
soil within acceptable limits were practiced in the Cholistan desert in 
Pakistan (Kahlown and Akram, 2004). Ahi and Powers (1938) grew 
halophytes with dilution of seawater. Doud et al., (2001) have grown eight 
halophytic species irrigated with five salinity levels of dilution of seawater, 
namely, fresh water (control),25, 50, 75 and 100% seawater; the result 
showed an increase in dry weight yield in low and moderate salinity levels.  
When saline irrigation water is used for crop production, careful controls are 
necessary to avoid salt buildup in the soil, and prevent possible 
contamination of freshwater aquifer (Glenn and O’ Leary, 1985). 
 
2.7   Management options for saline irrigation water: 
                    
 The safe use of saline water for sustainable crop production is a challenge 
that has to consider besides technical aspects the economic, climatic, social 
and hydro-geological situations (Hamdy, 1991). 
Unfortunately, the most salt-tolerant species are generally not the most 
productive or desirable. Improving salt tolerance does show promise in 
desirable rangeland species, including alfalfa (Smith et al., 1994). 
Salinity management constitutes an important aspect of safe use of saline 
water irrigation. This requires an understanding of how salts affect plants 
and soils, of how hydrogeologic processes affect salt accumulation, and also 
how cropping and irrigation activities affect soil and water salinity (Rhodes 
et al, 1992). 
Leaching is used to prevent the excessive accumulation of salts in the root 
zone. In fields irrigated to steady state condition with conventional irrigation 
management, soil water is essentially uniform near the soil surface 
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regardless of the leaching fraction (leaching fraction, LF, is fraction of 
infiltrated water that actually passes through the root zone) but increases 
with depth as LF decreases. Likewise, average root zone salinity increase as 
LF decreases; crop yield decreased when tolerable levels of salinity are 
exceeded (Ahmed and Ahmed, 2007).  
Most water used for irrigation is of good to excellent quality and is 
unlikely to present serious salinity constraints. Salinity control, however, 
becomes more difficult as water quality becomes poorer. As water salinity 
increases, grater care must be taken to leach salt out of the root zone before 
their accumulation reaches a concentration which might affect yield. 
Alternatively steps must be taken to plant crops tolerant to the expected root 
zoon salinity. The frequency of leaching depends on water quality and the 
crop sensitively to salinity (FAO, 1998).  
In the case of the saline seep, the long-term solution includes controlling the 
water at the recharge area. Intensive, flexible cropping systems require 
reducing or eliminating the internal drainage that eventually moves and 
carries salt to the seep area (Black et al., 1981). More intensive cropping 
may require fewer or no year of fallow or growing crops that use more water 
in a growing season, such as alfalfa (Brun and Worcester, 1974 and Reule, 
1980). If it is not possible to reduce or eliminate recharge, then the saline 
water can be intercepted with an artificial drain. Proper disposal of the saline 
drainage water will be required   
Salinity management is water management. Because salts are either added in 
the water or moved with water, it is the water that must be managed to 
control salinity. For saline seeps, water must be used before it can leave the 
recharge area or intercepted before it can be discharged in a seep area. For 
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irrigated areas, leaching and other irrigation management are required to 
reduce or eliminate salinity effects (Black et al., 1981). 
 
2.8   Impact of salts on productivity: 
In semiarid regions, limited water and hot dry climates frequently cause 
salinity concentration that limit or prevent crop production. At low 
concentration, salt reduces plant growth, and at higher concentration can 
cause death (Shannon, 1984).  
The primary objective of irrigation is to provide a crop with adequate and 
timely amounts of water, thus avoiding yield loss caused by extended 
periods of water stress during stages of crop growth that are sensitive to 
water shortage. However, during repeated irrigations, the salts in the 
irrigation water can accumulate in the soil, reducing water available to the 
crop and hastening the need for irrigation. Understanding how this occurs 
will help suggest ways to counter the effect and reduce the probability of a 
loss in yield. The plant extracts water from the soil by exerting an absorptive 
force greater than that which holds the water to the soil. If the plant cannot 
make sufficient internal adjustment and exert enough force, it not be able to 
extract sufficient water and will suffer water stress. This happens when the 
soil becomes too dry. Salt in the soil-water increases the force the plant must 
exert to extract water and this additional energy is referred to as the osmotic 
effect or osmotic potential. For example, if two otherwise identical soils are 
at the same water content but one is salt-free and the other is salt, the plant 
can extract and use more water from the salt-free soil than from the saline 
soil. The reasons are not easily explained. Salts have an affinity for water. If 
the water contains salt, more energy per unit of water must be expended by 
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the plant to absorb relatively salt-free water from a relatively salty soil-water 
solution FAO (1998). 
Exceeding tolerable level of salinity above the crop tolerance will decrease 
yield. Biomass production is linearly related to transpiration, and the effect 
of salt and water stress on yield is additive (Maas and Hoffman, 1977). 
Plant growth depends on supply of inorganic nutrients, which vary in time 
and place. Either extreme condition concerning nutrients results in 
deficiency or toxicity in plants depending on their salt tolerance (Maathius 
and Amtmann, 1999). Salinity creates the specific problem of ion toxicity, 
because of a high concentration of sodium is bad for the cell. High salt 
concentration inhibits enzymes by impeding the balance of forces 
controlling the protein structure (Serrano et al., 1999)  
 
2.9  Plants tolerant to salinity 
 
               In terms of their adaptation to salinity, higher plants are classified 
as halophytes and glycophytes, which are considered as essentially adapted 
and non adapted to saline habits, respectively (Van Genuchten and Hoffman, 
1984).  
Different crops respond differently to salinity. For example, barley, durum, 
triticale, and sugerbeet are listed as salinity tolerant crops, while wheat is 
listed as tolerant to moderately tolerant to salinity. Rye, safflower, and oats 
are listed as moderately tolerant. Crops listed as moderately sensitive include 
corn, flax millet, sunflower, and alfalfa. Crops are generally more 
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susceptible to salinity-induced damage in early growth stages, such as the 
emergence and seedling stage (Maas, 1986).   
Undomesticated salt-tolerant plants usually have lower agronomic qualities 
such as wide variation in germination and maturation. Salt-tolerant grasses 
and grain crops are subjected to seed shattering and lodging. The foliage of 
salt-tolerant plants may not be suitable for fodder because of its high salt 
content.  
 Development of salt tolerance in crops depends ultimately on two factors. 
Firstly, availability of genetic variation with respect to tolerance, and 
secondly, exploitation of available genetic variability by screening and 
selection of those plants with superior performance when exposed to such 
stress. Generally, established plants are more tolerant to salinity at 
germination and early seeding stages (Bernesten, 1964, Al Jalord and 
Hussain, 2004).  
Most tree crops and other woody perennial plants are sensitive to low 
concentration of chloride while most annual crops are not. Even the less 
sensitive crops may be affected at higher concentrations. Chloride 
accumulates in leaves similar to sodium. The toxicity symptoms for chloride 
include, leaf burn or dry leaf tissues typically first at the extreme leaf tip of 
older leaves rather than the edges and progresses from the tip back along the 
edges as severity increases. Excessive leaf burn is often accompanied by 
abnormal early leaf drop and defoliation. Plants adversely affected by 
salinity grow more slowly and are stunted. Leaves are smaller, but may be 
thicker than those of normal plants. Chloride increases the elongation of 
palisade cells, causing increased succulence. Leaves of salt affected plant are 
often darker green than those of normal plants, but in some species a thicker 
layer of surface wax causes a bluish green cast (Bernestein, 1975). 
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Examples of screening for tolerance during seedling growth and 
development are few and involve growing plants directly in nutrient 
solutions (Ashraf et al., 1987; Almansouri et al., 1999; Zhu et al., 2001).  
 
2.10   Alfalfa tolerance to salinity 
                    
 Alfalfa is a relatively drought tolerant, deep rooted perennial crop with 
relatively high water use requirement. These facts offer some significant 
information about alfalfa irrigation management strategy. Because alfalfa is 
a deep-rooting perennial, it has the ability to survive long periods between 
irrigations. Maximum production of high-quality alfalfa can be obtained, 
however, only by timely application of proper amounts of water. Improper 
irrigation (too much or too little water) is the primary cause of low yields of 
alfalfa, aside from cold weather (Bauder, et al., 1992). Lucerne (Medicago 
sativa L.) which an important crop recognized as being moderately salt 
sensitive, although this response varies according to genetic and climatic 
factors (Rogers, 1997). There are three stages at which alfalfa may be 
affected by salinity: germination, seedling growth, and mature plant growth 
(Rumbaugh et al., 1993). For long-term productivity, perennial crops such as 
alfalfa must be able to adapt to increasing heterogeneous root zone salinity. 
The root zone of an established stand of alfalfa under irrigation may extend 
to 2.5 m depth (Dudley et al., 1991). Alfalfa and presumably other crops are 
more sensitive to relatively small quality changes in applied water and less 
sensitive to relatively large changes in salinity and drainage water. Alfalfa 
yield is affected as much by a 1 dSm-1 difference in salinity of irrigation 
water (Bernstein and Francois, 1973). 
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Rogers, (1994) reported that, lucerne growth was reduced by saline water 
applied at levels greater than 2.5 dSm-1 and also that there was a degree of 
variation in salt tolerance within the species which seem unrelated to 
seasonal growth activity. Although there was some variation across seasons, 
some cultivars consistently appeared to be the most salt tolerant in terms of a 
slower rate of decline in dry matter production with increasing levels of soil 
salinity and the ability to exclude Na and Cl from the shoots. 
In a study on the effect of salinity on alfalfa, Bali (1998) reported that 
increasing soil salinity often reduces crop water use, as alfalfa tolerates 
salinity up to 2 dSm-1 before hay yield begins decreasing at approximately 
7% per unit dSm-1 increase of salinity Average soil salinity changed across 
the profile during that study. It was evident that salinity level near the base 
of profile doubled because of some water table contribution. Undoubtedly, 
this increase in salinity to nearly 12dSm-1 at depth of 3 to 4 feet exceeded the 
ability of the alfalfa to extract water from the deeper water table. Alfalfa root 
pattern indicated that most roots were in the upper 36 inches of profile of 
alfalfa grown on moderately saline, clay soils with moderately saline water 
table.  
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Chapter Three: 
Materials and Methods 
 
              3.1   General 
              The experiments were carried out in the nursery of the horticulture orchard of 
the Faculty of Agriculture, University of Khartoum at Shambat, location, 
latitude 150 14´N, longitude 32 0 32´.  
            3-2     Material 
              3.2 .1   Soils 
              Sandy soil was brought from West Omdurman, it was presumed to be similar 
to that of the Red Sea State as was reported by other studies of a similar 
nature (Mohamed, 2008). 
 
3-2-2 Water and Soil Analysis  
 
 Soils were analyzed before irrigation for ECe, SAR, and pH. Measurement 
of pH in the saturated soil-paste and the electrical conductivity (ECe) of the 
saturated soil paste extract and seawater (EC) were measured according to 
Richards et al. (1969). Particle size distribution by hydrometer method and 
soil moisture content were determined by methods of Black et al. (1965).   
Analysis of cations of both soil and water (Ca + Mg) was done by titration 
by the versenate method according to Chen and Bray (1951) and Diehl et al. 
(1950). Na and K were determined by flame photometer, and soluble anions 
in irrigation water: CO3, HCO3, and Cl were determined according to 
Richards et al. (1969). SO4 was calculated by difference between the sum of 
measured anions and cations. 
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Table (3.1).  Main chemical properties of the Red Sea water.   
Cations 
(me/L) 
Anions 
(me/L) 
EC 
dSm-1 
 
SAR
Na Ca Mg K T.D.S Cl CO3 HCO3 SO4 
653 28 121 138.1 940.1 835 - 14.7 72.4 
 
57 
 
59.9 
 
The electrical conductivity of mixed Red Sea water with tapwater was 
measured both by EC meter and according to formula given by Richards et 
al (1969) as follows: 
                       ECM =   ECS VS + ECF VF. 
                                                VS+VF                                                                          
Where:- 
 ECM = EC of mixed Seawater with freshwater 
VS and ECS = Volume and Electrical conductivity of Seawater. 
VF and ECF = Volume and Electrical conductivity of Tap water. 
 
Table (3-2):   Main physical and chemical properties of the soils used. 
Chemical Properties  Texture Soils Type 
ECe SAR pH O.M* Sand% Silt% Clay% 
Sandy soil 0.8 6.0 8.3 0.268 81.35 4.15 14.5 
*O.M = Organic Matter 
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3.2.3    Source of seeds: 
  Three  of the four  alfalfa varieties used in this study were collected 
from  Khartoum local market namely Siriver, Cuf101, and Higazee, and the 
fourth one, Yazd, was exotic from Iran obtained from Desertification and 
Desert Cultivation Studies Institute. 
3.4   Standard Germination Test 
                        
  The germination test was carried out to determine the effect of 
salinity on the standard germination. It was carried out twice one before the 
first experiment and the other before the second experiment Twenty-five 
seeds, replicated three times were used. In the two seasons, seeds were 
planted in Petri-dishes with two filter papers at the bottom of the dish; the 
two papers were moistened with tap water or the proper salinity solution 
thus five treatments tap water and the four salinity level for each cultivar. 
These a total of 60 Petri dishes was used and were arranged in completely 
randomized design.  The seeds were kept in the in the laboratory room at 
room temperature for ten days according to ISTA (1999) result. Daily counts 
of normal seedling were recorded. At the end of the incubation period, the 
number of normal seedling was recorded. 
                       Number of germinated seeds was counted for the four 
varieties of alfalfa every 24 hours, and the germination percentage were 
computed by the following formula:- 
 
Germination % =         No. of germinated seeds x 100 
                                        Total No. of seeds  
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3-3 Pots Experiments 
3-3-1:    First experiment 
                      The experiment was carried out during the period 27 February 
to 11 May in 2007. It was undertaken to investigate the response of several 
alfalfa cultivars to mixed sea- tap water. Seven kg of soils were placed in 
plastic pots, 17 cm in height and 20cm internal diameter. Irrigation 
treatments   were control 0-1 sea water to tap water having EC = 0.4 =dSm-1, 
1-20 seawater to freshwater having EC =3.4 dSm-1.  , 1-10 seawater to 
freshwater having EC =5.5 dSm-1, 1-5 seawater to freshwater having EC = 
9.8 dSm-1, and 1-2.5 seawater to freshwater having EC =16.5 dSm-1. The 
pots were arranged in a completely randomized design place in the 
horticultural orchard of the Faculty of Agriculture, University of Khartoum. 
4.5 gram of seeds were sown in each pot and each was irrigated during the 
four weeks of germination with tap water having EC= 0.4 dSm-1 for 
establish. The water quantity used every 24 hours was one L., to meet crop 
needs and leaching requirement. 
 
3-3-2:   The second experiment 
 
The experiment was carried out during the period 23 October to 14 
December     in 2008, using the same procedure carried out for the first 
experiment. The results of the first experiment showed that with the 
exception of the tap water treatment all the treatments proved detrimental for 
the plants. The following using saline water treatment were adopted in this 
experiment, control 0-1 sea water to tap water having EC = 0.4 =dSm-1, 1-25 
seawater to taphwater having EC =2.5 dSm-1.  , 1-20 seawater to tapwater 
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having EC =3.5 dSm-1, 1-15 seawater to tapwater having EC = 4.6 dSm-1, 1-
10 seawater to freshwater having EC =5.5 dSm-1. 
 
 
3.5   Data collection  
3.5.1    Plant Heights and Number of leaves 
 
Plant height was measured from ground level to the tip of the plant and the 
average of five plants in each pot was taken. The average of number of 
leaves of the same five plants in each pot was taken. Data were counts    
weakly. 
Mean height was measured by the following formula: 
 
                                      Total height of 5 plants (cm) 
Mean of height cm =          the number of plant (5) 
 
                                         Total number of the leaf of 5 plants 
Mean of leaf number =      the number of plants (5)      
 
3.5.2      Root/Shoot Ratio 
 
All the pants in each pot were harvested 52 and 46 days after planting of the 
first and second experiments respectively. Fresh weights were obtained 
using sensitive balance and were separated into shoot and root to obtain 
shoot and root weights, and were weighed again after drying in an oven at 80 
°c for 48 hour to obtain dry weights. 
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3.6     Statistical Analysis 
SAS, (1997) (Statistical Analysis System), was used for statistical analysis 
of data. 
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Chapter Four 
 
Results 
 
4-1   Germination test 
 
4-1-1   First experiment 
 
In the first season germination started in the first day with significant 
differences in germination percentage both among cultivars and salinity 
treatments Table (4-1) and Figure (4-5). 
The highest percentage was obtained in seeds irrigated with tap water 
where the highest percentages were recorded for cultivars Yazd and Siriver 
(67 and 66 % respectively) and the lowest for cultivar Cuf101(48 %). 
Germination % decreased significantly with the increase in salinity. No 
seeds germinated in water with the highest salinity (EC 16.5 dSm-1). Also, 
no seeds germinated in treatment EC 5.5, 9.6dSm-1 after day four. In the 
other treatments germination % increased daily reaching its highest value in 
the sixth day for the tap water treatment, and in the fifth day for the EC 3.4 
dSm-1 treatment. No significant increase was recorded in the other two 
treatments after the fourth day. 
Significant differences between cultivars were observed until the 
fourth day of germination thereafter no significant differences were 
recorded.  
When overall means were compared (Table 4-1 and Figure 5), it was 
observed that in the first day the highest germination percentage was 
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recorded for cultivar Higazee and the lowest for Cuf101. Significant 
differences were also observed in day two when Higazee, Yazd and Siriver 
had significantly higher germination percentages than Cuf101. No 
significant differences were observed in the third day. By the fourth day and 
up to the end of the germination period, Higazee and Yazd were 
significantly superior compared to the other two cultivars.  
The response of germination to the different levels of saline water was 
more or less similar in cultivars Yazd and Higazee (figure 4.2 and 4-4) 
where germination seemed to be less affected by moderately saline water 
compared to the two other cultivars Siriver and Cuf101. (Figure 4-2 and 4-
3). In the later two cultivars germination seemed to be more affected by 
moderately saline water compared to tap water. High saline water seemed to 
affect all cultivars equally. 
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Table (4.1) Effect of salinity on seed germination percentage % of four 
alfalfa cultivars first experiment. 
Alfalfa 
varieties 
Treatment (dSm-1)  
 EC=0.4 EC=3.4 EC=5.5 EC=9.8 EC=16.5 mean 
Higazee 59 33 19 14 0 25.2a 
Yazd 67 26 20 1 0 23.1ab 
Siriver 66 28 12 5 0 22.3bc 
Cuf 101 48 29 17 4 0 19.9c 
CV 17.2 
Prob. 0.0067** 
1
st day 
LSD  2.8 
Higazee 65 49 27 21 0 32.06a 
Yazd 73 41 20 7 0 30.00a 
Siriver 79 34 23 11 0 28.9ab 
Cuf 101 60 33 21 5 0 24.46b 
CV 23.2 
Prob. 0.263* 
2ed day 
LSD  4.9 
Higazee 77 51 31 24 0 36.8a 
Yazd 80 48 33 13 0 35.0a 
Siriver 83 39 21 21 1 33.1a 
Cuf 101 73 40 35 13 0 32.6a 
CV 20.2 
Prob. 0.3448NS 
3ed day  
LSD  5.1 
Higazee 85 65 39 27 0 43.7a 
Yazd 89 64 40 24 0 43.5a 
Siriver 90 49 34 21 0 37.2b 
Cuf 101 83 51 35 13 0 35.8b 
CV 14.2 
Prob. 0.0033** 
4
th day 
LSD  4.2 
Prob. = Probability 
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Follow table (4.1) Effect of salinity on seed germination percentage % of 
four alfalfa cultivars first experiment 
 
 Alfalfa 
varieties 
Treatment (dSm-1)  
  EC=0.4 EC=3.4 EC=5.5 EC=9.8 EC=16.5 mean 
Higazee 90 68 39 27 0 45.3a 
Yazd 93 68 40 28 0 46.2a 
Siriver 92 51 34 21 0 38.4b 
Cuf 101 91 53 37 14 0 39.3b 
CV 10.9 
5
th day 
Prob. 0.0001** 
 LSD  3.4 
Higazee 93 70 39 27 0 46.3a 
Yazd 94 69 40 28 0 46.4a 
Siriver 92 51 34 21 0 38.4b 
6
th day 
Cuf 101 93 53 37 14 0 39.7b 
CV 3.4 
Prob. 0.0001** 
LSD  2.9 
Higazee 93 70 39 27 0 46.3a 
Yazd 94 69 40 28 0 46.4a 
Siriver 92 51 34 21 0 38.4b 
Cuf 101 93 53 37 14 0 39.8b 
7
th day 
CV 9.2 
Prob. 0.0001**  
v  2.9 
Prob. = Probability 
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Figure (4-1) Development of the germination percentage of Yazd with 
time under the different saline water treatments in the first experiment. 
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Figure (4-2) Development of the germination percentage of Siriver with 
time under the different saline water treatments in the first experiment. 
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Figure (4-3) Development of the germination percentage of Cuf101 with 
time under the different saline water treatments in the first experiment. 
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Figure (4-4 Development of the germination percentage of Higazee with 
time under the different saline water treatments in the first experiment.   
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Figure (4-5) Development of the germination percentage of four alfalfa 
cultivars with time under the different saline water treatments in the 
first experiment. 
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4-1-2    Second experiment: 
  
Table (4-2) shows that in the second experiment, germination also 
started in the first day with significant differences in germination percentage 
both among cultivars and salinity treatments.  
The highest percentage was obtained in seeds irrigated with tap water 
where the highest percentage was recorded for cultivar Siriver (8 %) and the 
lowest for cultivar Cuf101 (2 %) in the first day. No seeds germinated in 
water with the EC 3.4, 4.6, 5.5dSm-1 in the first day. In the second day the 
highest germination % was recorded for Yazd under tap water (44%) and 
also under the lowest salinity treatment of EC 2.5 (29%), while the highest 
value was recorded for Siriver under the salinity of EC 3.4 (13%) and EC 
4.6 (9%). 
Significant differences between cultivars continued in the third day. 
However, the superiority of Yazd under tap water was replaced with that of 
Higazee (94%) and Yazd gave the lowest percentage (78%). 
In the fourth and fifth day no significant differences between cultivars 
were recorded.  
After day five no increase in seed germination was observed at 
salinities EC 3.4, 4.6 and 5.5d Sm-1; thereafter germination percentage 
increased daily reaching its highest value in the sixth day for the tap water 
and EC 2.1 dSm-1 treatments. No significant increase was recorded in the 
other two treatments after the fourth day. Significant differences between 
cultivars were observed until the third day of germination, thereafter no 
significant differences were recorded in day four and five.  Significant 
differences were recorded in the last day of the germination experiment.  
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When overall means were compared (Table 4-1 and Figure 5), it was 
observed that in the first day the highest germination percentage was 
recorded for cultivar Siriver and the lowest for Cuf101. Significant 
differences were also observed in day two when Yazd, had the highest 
germination percentage and Cuf101 the lowest. Significant differences were 
observed in the third day when the highest germination percentage was 
recorded for Higazee and the lowest for Yazd. No significant differences 
were observed in fourth and fifth days. Significant differences were 
observed in the sixth day when Cuf101 cultivar recorded highest                          
value compared to the other three cultivars.  
The progress of the rate of germination with time seemed to be similar 
in cultivar Cuf101 (figure 8), Higazee (figure 9) and Sirivar (figure 7). In 
these cultivars there was a sharp increase in the rate of germination between 
day two and day three and the rate leveled off after day three. In Cultivar 
Yazd (figure 6) there was a gradual increase in the rate germination reaching 
the maximum value in day six.         
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Table (4.2) Effect of salinity in seed germination percentage of four cultivars 
in the second experiment. 
Alfalfa 
varieties 
 
Treatment (dSm-1) 
 
 EC= 0.4 EC=2.5 EC=3.4 EC=4.6 EC=5.5 mean 
yazd 4 2 0 0 0 1.2b 
siriver 8 2 0 0 0 2.13a 
cuf101 2 2 0 0 0 0.8c 
higazee 3 2 0 0 0 1.2b 
CV 33.54  
Prob. 0.0001**  
1
st day 
LSD  0.33 
yazd 44 29 5 5 9 18.6a 
siriver 8 13 13 9 0 8.8c 
cuf101 25 20 9 8 0 12.5b 
higazee 6 17 10 4 0 7.73c 
CV 24.85877  
Prob. 0.0001**  
2ed day 
LSD  2.1892 
yazd 78 54 28 32 21 42.9b 
siriver 84 74 32 24 18 46.6a 
cuf101 90 70 33 30 17 48.5a 
higazee 94 38 58 40 17 49.8a 
CV 10.1891  
Prob. 0.0019**  
3ed day  
LSD  3.5342 
yazd 90 78 52 52 36 61.6a 
siriver 90 81 74 48 32 65.3a 
cuf101 93 88 72 51 28 66.5a 
higazee 96 57 70 54 37 63.2a 
CV 3.5342  
Prob. 0.3242NS  
4
th day 
LSD  5.4797 
Prob. = Probability 
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Follow table (4.2 Effect of salinity on seed germination percentage % of four 
alfalfa cultivars second experiment. 
 
Alfalfa 
varieties 
 
Treatment (dSm-1) 
 
 
 EC= 0.4 EC=2.5 EC=3.4 EC=4.6 EC=5.5 mean 
yazd 96 84 69 52 41 68.5b 
siriver 97 84 90 50 37 72.0ab 
cuf101 97 90 76 70 45 76.0a 
higazee 97 86 78 58 40 72.2ab 
CV 9.8847  
Prob. 0.0558NS  
5
th day 
LSD  5.2669 
yazd 96 84 69 52 41 69.0b 
siriver 98 84 90 50 37 73.3ab 
cuf101 97 90 76 70 45 76.0a 
higazee 97 92 78 58 40 73.6a 
CV 8.3  
Prob. 0.0279*  
6
th day 
LSD  4.4931 
Prob. = Probability.       
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Figure (4-6 ) Development of the germination percentage of Yazd with time 
under the different saline water treatments in the second experiment. 
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Figure (4-7) Development of the germination percentage of Siriver with time 
under the different saline water treatments in the second experiment. 
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Figure (4-8) Development of the germination percentage of Cuf0101 with 
time under the different saline water treatments in the second experiment. 
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Figure (4-9) Development of the germination percentage of Higazee with 
time under the different saline water treatments in the second experiment. 
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Figure (4-10) Development of the germination percentage of four alfalfa 
cultivars with time under the different saline water treatments in the second 
experiment. 
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4-2       First experiment 
4-2-1        Plant height 
4-2-1-1 Establishment phase 
 
During the establishment phase which extended for three weeks Table (4-3), 
the plants were irrigated with tap water only. Significant differences in plant 
height were observed between the four cultivars; the highest plant height 
was recorded for cultivar Yazd (11.7 cm) and the lowest for Cuf101 (6.8 
cm). 
 
4-2-1 -2      Saline water treatments 
 
Table (4-4) shows plant height of the four cultivars irrigated with a 
mixture of sea and tap water. By the end of the first week after the start of 
the treatments plants of all varieties irrigated with water of EC 9.8 dSm-1 
died except those of variety Yazd; while all plants irrigated with water of EC 
16.5 died. Significant differences in plant height were recorded among the 
four cultivars in the remaining treatments. The same finding observed during 
the establishment period was again evident during the application of 
treatments with the highest plant height recorded for cultivar Yazd and the 
lowest for cultivarsCuf101. 
In the control treatment when plants were irrigated with tap water 
only, Higazee recorded the highest value similar to that of Yazd while 
growth in height was significantly shorter for Sirivar and Cuf101. 
Generally, increasing the level of salinity of irrigation water significantly 
decreased the rate of growth in plant height in all cultivars compared to the 
control. 
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By the second week of growth, plants under the salinity level of EC 
5.5 dSm-1 in all cultivars, except Yazd, were dead. Thus only plants under 
the control and the lowest salinity level (EC 3.4 dSm-1) and those of Yazd 
under the salinity level of EC 5.5 dSm-1 were alive.  
By the end of the third week only plants under the control and the 
lowest salinity level (EC 3.4 dSm-1) were alive. 
Plants under saline water treatment of EC 3.4 dSm-1 in all cultivars in 
the third week had height similar to that of the second week.  
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Table (4-3) Plant height (cm) of four alfalfa cultivars during the 
establishment phases in the first experiment. 
Alfalfa varieties Plant height (cm) 
Higazee 9.7b 
Yazd 11.7a 
Siriver 8.2c 
Cuf101 6.8d 
CV 28.4 
LSD 1.9 
Prob. 0.0001** 
 
Table (4-4) Effect of treatment on alfalfa cultivars heights (cm) first 
experiment 
Interval 
   
 EC=0.4 EC=3.4 EC=5.5 EC=9.8 EC=16.5  
Higazee 17.2 10.7 12.5 0 0 8.16 
Yazd 14.5 14.6 12.8 10.7 0 11.0a 
Siriver 10.9 10.9 8.8 0 0  6.1c 
Cuf 101 10.1 8.4 7.7 0 0 5.2d 
CV 13.2  
Prob. 0.0001**  
First w
eek 
LSD  0.7 
Higazee 21.1 10.7 0 0 0 6.3b 
Yazd 16.7 14.6 12.8 0 0 8.1a 
Siriver 12.9 10.9 0 0 0 4.7c 
Cuf 101 11.8 8.4 0 0 0 4.0d 
CV 13.1  
Prob. 0.0001**  
Second w
eek 
LSD  0.5 
Higazee 24.3 10.7 0 0 0 7.0a 
Yazd 17.6 14.6 0 0 0 6.3b 
Siriver 15.8 10.9 0 0 0 5.3c 
Cuf 101 12.3 8.4 0 0 0 4.1d 
CV 5.49  
Prob. 0.0001**  
Third w
eek 
LSD  0.25 
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4-2- 2   Number of leaves 
4-2-2-1   Establishment phase 
 
 Significant differences in plant number of leaves were observed 
among the four cultivars. The highest number of leaves was recorded for 
variety Yazd (27.7) and the lowest for Cuf101 (19.1). 
 
4-2-2-2   Saline water treatments: 
 
Table (4-6) shows number of leaves of the four cultivars irrigated with 
a mixture of sea and tap water. As was mentioned in the previous section, by 
the end of the first week after start of the treatments all plants irrigated with 
water of EC 9.8 dSm-1 died except those of variety Yazd; while all plants 
irrigated with water of EC 16.5 dSm-1  died. Significant differences in 
number of leaves were recorded among the four cultivars in the remaining 
treatments. The same finding observed during the establishment period was 
again evident during application of the treatments with the highest number 
of leaves recorded for variety Yazd and the lowest for cultivar Cuf101. 
Again, in the control treatment when plants were irrigated with tap 
water only, Higazee recorded the highest number similar to that of Yazd 
while growth in number of leaves was significantly slower for Sirivar and 
Cuf101. 
Generally, increasing the level of salinity of irrigation water significantly 
decreased the rate of growth in plant number of leaves in all cultivars 
compared to the control. 
As was observed earlier, by the second week plants under the salinity 
level of EC 5.5 dSm-1 in all cultivars except Yazd were dead. Thus only 
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plants under the control and the lowest salinity level (EC 3.4 dSm-1) and 
those of Yasd under the salinity level of EC 5.5 dSm-1 were alive. By the end 
of the third week only plants under the control and the lowest salinity level 
(EC 3.4 dSm-1) were alive. Plants under salinity treatment of EC 3.4 dSm-1 
in all cultivars in the third week recorded similar values of number of leaves 
as those of the second week.  
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Table (4-5) Plant number of leaves of four alfalfa cultivars during the 
establishment phase in the first experiment. 
 
 
 
 
 
 
 
 
 
 
Table (4-6) Effect of treatments on alfalfa number of leaves of four varieties 
during first experiment.  
 Interval 
Alfalfa 
varieties 
 
 
Treatment (dSm-1) 
 
 EC=0.4 EC=3.4 EC=5.5 EC=9.8 EC=16.5 mean 
Higazee 27.6 26.4 24.1 0 0 15.6b 
Yazd 33.9 28.0 23.0 21.4 0 22.5a 
Siriver 41.2 24.7 23.1 0 0 17.8b 
Cuf 101 24.4 18.8 17.5 0 0 12.6c 
CV 22.9  
Prob. 0.0001**  
1
st  w
eek 
LSD      2.9 
Higazee 34.0 26.8 0 0 0 11.9c 
Yazd 40.9 28.0 23.0 0 0 18.4a 
Siriver 45.8 24.7 0 0 0 14.1b 
Cuf 101 30.0 19.2 0 0 0 9.9c 
CV 24.1   
Prob. 0.0001**  
2ed  w
eek 
   
LSD  2.4 
Higazee 40.2 26.8 0 0 0 13.2b 
Yazd 45.8 28.0 0 0 0 14.8a 
Siriver 49.7 24.7 0 0 0 14.9a 
Cuf 101 36.1 19.2 0 0 0 11.0c 
CV 7.5   
Prob. 0.0001**  
3ed w
eek 
LSD  0.75 
Prob. = Probability 
 
Alfalfa varieties Plants leaves 
numbers 
Higazee 22.7b 
Yazd 27.7a 
Siriver 25.2b 
Cuf 101 19.1c 
CV 26.226 
LSD 4.5 
Prob. 0.003** 
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4-2-3      Plant root/ shoot ratio: 
 
Table (4-7) shows plant root/shoot ratio of the four cultivars irrigated 
with a mixture of sea and tap water. Significant differences in plant 
root/shoot ratio were recorded among the four cultivars in the tap water and 
3.4 dSm-1. The highest root/ shoot ratio under tap water was recorded for 
Higazee and Siriver.  Plants were dead under other treatments as was noted 
earlier. 
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Table (4-7) Effect of different levels of sea-tap water on root / rhoot ratio of 
four alfalfa cultivars in the first experiment (2007). 
 
 
Prob. = Probability 
 
 
 
 
 
 
 
 
 
 
 
Alfalfa 
varieties 
Treatment dSm-1  
 EC=0.4 EC=3.4 EC=5.5 EC=9.8 EC=16.5 mean 
Higazee 53.6 18.8 0 0 0 14.4c 
Yazd 47.0 46.2 0 0 0 18.3.5a
Siriver 37.6 33.7 0 0 0 14.2c 
Cuf 101 44.7 20.2 0 0 0 12.9b 
CV 15.6  
Prob. 0.0001**  
LSD  1.76 
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4-3        Second experiment 
 4-3-1     Plant height 
4-3 -1-1 Establishment phase 
 
Again during the establishment phase (table 4-3) which extended for 
two weeks, plants were irrigated with tap water only. Significant differences 
in plant height were observed between the four cultivars. The highest plant 
height was recorded for cultivar Yazd (8.8 cm) and the lowest for Cuf101 
(4.9 cm) 
 
4-3-1-2    Saline water treatments 
 
 
Table (4-4) shows plant height of the four cultivars irrigated with a 
mixture of sea and tap water. One weak after start of the treatments, plant 
height showed significant differences among the four cultivars. As was 
observed during the establishment period, the same trend of growth in plant 
height was observed during the application of treatment phase. Again the 
highest plant height was recorded for Cultivar Yazd and the lowest for 
cultivar Cuf101. 
In the control treatment when plants were irrigated with tap water 
only Higazee attained a heighest similar to that of Yazd while growth in 
height was significantly slower for Sirivar and Cuf101. 
Increasing the level of salinity of irrigation water significantly decreased the 
rate of growth in the plant height in all cultivars compared to the control. 
After two weeks of growth plants under salinity level of EC 4.6 dSm-1 in all 
cultivars except Yazd were dead, while all plants irrigated with water of EC 
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5.5dSm-1 died. Thus, only plants under the control and the lowest salinity 
levels (EC 2.5 and 3.4dSm-1) and those of Yazd under the salinity level of 
EC 4.6 dSm-1 were alive.  
After three weeks of growth, plants under salinity level of EC 4.6 and 
5.5 dSm-1 plants in all cultivars were dead while under the control and 
treatments of salinity EC 2.5 and 3.4 dSm-1 significant differences in height 
were recorded among the cultivars.  
Plants under treatments of EC 2.5 and 3.4 dSm-1 in all cultivars had 
the same plant height as that recorded during the second week. 
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Table (4-8) Plant height (cm) of four alfalfa cultivars among the 
establishments phase in the second experiment.  
Alfalfa varieties Plants heights (cm) 
yazd 8.8a 
siriver 5.9b 
cuf101 4.9b 
higazee 7.8a 
CV 26.3 
LSD 1.3 
Prob. 0.0001** 
 
 
 
Table (4-9) Effect of treatment on alfalfa cultivars heights (cm) second 
experiment 
Interval 
   Alfalfa 
varieties 
Treatment (dSm-1)  
 EC=0.4 EC=2.5 EC=3.4 EC=4.6 EC=5.5 mean 
yazd 12.6 11.1 10.6 10.5 10.3 11.2a 
siriver 11.7 10.2 8.8 8.6 8.0 9.2b 
cuf101 11.1 8.4 8.2 7.9 6.3 8.3c 
higazee 12.2 11.8 9.0 8.6 8.5 10.0b 
CV 13.0  
Prob. 0.0001**  
First w
eek LSD  0.9 
yazd 12.7 12.6 11.6 11.6 0 9.8a 
siriver 11.6 10.2 9.0 0 0 6.1c 
cuf101 9.8 9.6 8.5 0 0 5.3d 
higazee 12.8 12.0 9.9 0 0 6.9b 
CV 8.4  
Prob. 0.0001**  
Second w
eek 
LSD  0.4 
yazd 14.6 12.6 11.6 0 0 7.7a 
siriver 12.8 10.0 9.0 0 0 6.3c 
cuf101 9.8 9.6 8.8 0 0 5.6d 
higazee 12.8 12.0 10.4 0 0 7.0b 
CV 8.7  
Prob. 0.0001**  
3ed w
eek 
LSD  0.4 
 
Prob. = Probabil 
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4-3-2      number of leaves 
 
 4-3-2-1    Establishment phase 
 
 No significant differences in number of leaves were observed 
between the four cultivars during the establishment phase. 
4-3-2-2       Saline water treatments 
 
As was observed for plant height, in the control treatment when plants 
were irrigated with tap water only Higazee recorded a number of leaves 
similar to that of Yazd, while number of leaves were significantly lower for 
Sirivar and Cuf101. 
Generally, increasing the level of salinity of irrigation water had no affect in 
the rate of growth in plant number of leaves in all cultivars. In the first week 
after the start of the applications treatment no significant differences in 
number of leaves of the four cultivars were recorded. 
As was stated earlier, by the second week of growth plants under the 
salinity level of EC 4.6 dSm-1 plants in all cultivars except those of Yazd 
were dead, while all plants irrigated with water of EC 5.5dSm-1 died. Thus 
only plants under the control and the lowest salinity level EC2.2 and 3.4 
dSm-1 and those of Yazd under the salinity level of EC 4.6 dSm-1 were alive.  
Again, after three weeks of growth all plants under salinity of EC 4.6 
and 5.5dSm-1 were dead while under control and salinity treatments of EC 
2.5 and 3.4 dSm-1 significant differences in number of leaves among 
cultivars were recorded.  
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Generally, increasing the level of salinity of irrigation water 
significant decreased the rate of growth in the number of leaves among 
cultivars compared to the control. 
number of leaves of plants under treatments of EC 3.4dSm-1 in all 
cultivars in the third week were similar to those of the second week.  
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Table (4-10) Plant number of leaves of four alfalfa cultivars among the 
establishment phase in the second experiment  
Alfalfa varieties Plant leaves 
numbers 
yazd 15.4a 
siriver 15.2a 
cuf101 15.4a 
higazee 15.5a 
CV 5.336 
LSD 0.601 
Prob. 0.845NS 
 
Table (4-11) Effect of treatment on alfalfa number of leaves second 
experiment  
 
interval 
Alfalfa 
varieties 
 
Treatment (dSm-1) 
 
 
 
 EC=0.4 EC=2.5 EC=3.4 EC=4.6 EC=5.5 mean 
yazd 15.8 15.8 15.8 15.6 15.3 15.5a 
siriver 15.8 15.6 15.6 14.9 14.9 15.2a 
cuf101 16.6 15.7 15.2 15.2 14.9 15.4a 
higazee 16.1 16 15.5 14.9 14.9 15.6a 
CV 5.6   
Prob. 0.684NS  
1
st  w
eek LSD  0.6 
yazd 17.0 16.8 16.8 16.4 0 17.1a 
siriver 16.8 16.8 16.2 0 0 10.1b 
cuf101 16.7 16.5 15.6 0 0 9.8b 
higazee 17.6 16.6 16.4 0 0 10.2b 
CV 5.9   
Prob. 0.684NS  
2ed  w
eek 
LSD  0.5 
yazd 17.6 16.8 16.8 0 0 13.7a 
siriver 18.1 16.8 16.2 0 0 10.3b 
cuf101 16.7 16.5 16.1 0 0 9.8c 
higazee 17.6 17.4 16.6 0 0 10.4b 
CV 6.0   
Prob. 0.0001**  
3ed  w
eek LSD  0.4 
 
Prob. = Probability 
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4-3-3       Effect of saline water on root/shoot ratio 
 
Table (4-12) shows plant root/shoot ratio of the four cultivars irrigated 
with a mixture of sea and tap water. Significant differences in plant 
root/shoot ratio were recorded among the four cultivars in the tap water, 2.4 
and 3.5 dSm-1 treatment with the highest ratio recorded for Yazd and the 
lowest for Cuf101 and Higazee. Plants were dead under other treatments as 
was noted earlier. 
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Table (4-12) Effect of salinity on root / shoot ratio in the second experiment. 
 
Alfalfa 
varieties 
Treatment dSm-1  
 EC=0.4 EC=2.5 EC=3.4 EC=4.6 EC=5.5 mean 
Yazd  61.9  41.3 36.9  0 0 38.2a 
Siriver 44.2 35.0  17.0 0 0 19.2b 
Cuf 101 52.1 21.5 20.8 0 0 18.9bc 
Higazee 43.5 27.2  16.0 0 0 17.3c 
CV 9.6   
Prob. 0.0001**  
LSD  1.6 
 
Prob. = Probability 
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Chapter five 
 
Discussion 
 
Seed germination percentage ranged from 94% to 0 for the first 
experiment and 98.6% to 41.3% for the second experiment. The threshold 
value at which plants germinated was 9.3 dSm-1 (1:5 Seawater: Freshwater) 
for all cultivars. The failure of germination at EC 16.5 dSm-1 may be due to 
ion toxicity and osmotic effect. Allen et al. (1989) reported that the 
reduction in germination percentage under saline conditions might be due to 
ion toxicity and reduced uptake of water, which affected the physiological 
and biochemical processes through inhibition of the anabolic or stimulation 
of catabolic processes. 
From the results of the two experiments, for seed germination, it 
would appear that a mixture of sea water and tap water with an EC 3.4dSm-1 
would result in an acceptable germination level of all cultivars tested. A 
mixture with EC above that would either result in germination percentage 
around 50% or may lead to a complete failure of germination 
The activity of solution constituents, including water, is reduced by 
the increase of ionic strength (Salt concentration). It is, therefore, logical that 
the diffusion and reaction of water during seed germination will be reduced 
by increased salinity, leading to delay of seed germination. This has been 
observed in this study where the start and progress of germination was 
markedly reduced by saline as compared to tap water. This is in conformity 
with the results of Volkmar et al. (1998) and Maathius and Amtmann 
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(1999). Uhvits (1946) reported that higher concentrations of NaCl lower 
percent germination of alfalfa seeds. The higher the concentration, the 
greater was the seedling mortality. Mohammad et al. (1989) reported that 
germination percentage of alfalfa significantly decreased when NaCl 
concentrations exceeded 220 mM. Amasher (1997) reported that the 
expected yield losses of alfalfa were 10%, 25% and 50% at EC 3.4, 5.4 and 
8.8 dSm-1  respectively. 
If adequate seed is available and affordable by farmers a water 
mixture of EC 4.6 dSm-1, where only 50%  of the seed germinated could be 
considered especially under conditions of scarcity of tap water.  
It was generally observed that Cuf010 and Siriver were slow growers 
even under the establishment phase when only tap water was used. It is 
possible that these two cultivars are less adapted to local conditions under 
which the experiments were carried out. Their growth was further hampered 
by salt stress compared to the other two cultivars Yazd and Higazee. Salinity 
of more than 3.4dSm-1 was found to be detrimental to plants of all cultivars. 
After three weeks of growth, plant height in plants irrigated with saline 
water was reduced progressively with the increase of salinity. However, it 
would seem that, up to that time, plants were able to grow successfully under 
water of salinity up to 3.4dSm-1. However, the lack of increase in plant 
height in the third week of growth compared to the second week under saline 
water treatments may not be encouraging in term of productivity in the long 
term and, therefore, it may be inferred that production of alfalfa using any 
ratio of sea water to tap water may not be recommended. 
Generally, salinity reduced plant height and number of leaves. The 
increase in EC caused leaves to be fewer and plants to be shorter. Chow et 
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al. (1999) and Al-Khateeb (2005) reported that increasing NaCl 
concentration in the rooting media significantly reduced dry weights of root, 
stem and leaves. 
Adverse effects of increasing NaCl concentration were reported to be 
more pronounced on leaves than on stem and root, indicating that root 
growth was less affected by salinity (Greenway and Munns, 1980, Delane et 
al., 1986).This was also evident in this study where number of leaves was 
more effected by salinity compared with plant height. Saline water or soil is 
usually associated with reduced biomass production (Rogers et al., 1997, 
Noaman and El-Haddad 2000). Hay yield and root development of alfalfa 
(Medicago sativa L.) were reported to be reduced with increased salinity 
(Vaughan et al. 2002  
The response of number of leaves to increasing salinity was generally 
similar to that of plant height. Number of leaves is largely determined in the 
primordial stage by genetic factors. However, the rate of leaf appearance and 
leaf expansion are determined by environmental factors (Milthorpe, 1956). 
Hence, salt stress affected number of leaves by apparently slowing down the 
rate of leaf appearance and expansion resulting in fewer leaves under salinity 
treatments. Since leaves are the primary organs of photosynthesis, reduction 
in leaf number would reduce the amount of photosynthate available for 
growth and hence, the decreases in biomass production. It been reported that 
photosynthesis is adversely affected under saline conditions. Both factors 
would combine to reduce the rate of growth under saline condition (Anand 
et al., 2000) 
The high salt environment may cause a loss of water from the cells 
and a decrease in turgor. Plants would have smaller leaves, short stature and 
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low economic yield (Shannon et al., 1994). Anon. (2009) found that growth 
of alfalfa decreased with each increase in irrigation water salinity.  
  
Ahmed and Ahmed (2007) reported that death of plants grown under 
saline conditions may result from osmotic effects, mineral toxicity and 
disturbances in balance of mineral nutrition.  
 The study showed that salinity reduced root/shoot ratio. Salinity was 
found to reduce root and shoot weights in several legumes. Alfalfa root 
elongation and root multiplication rates were significantly reduced by 
increased salinity (Esechie et al., 2002). Keck et al. (1984) have reported 
that irrigation water salinity had greater effect on shoot growth than root 
growth in alfalfa. A similar observation was made by Mahmood and 
Mahmood (1989). Genotypic differences in root shoot ratio were found 
under tap water treatment. The same differences were maintained under 
salinity treatments up to 3.4dSm-1. A greater capacity for root production 
may enable plants to withstand stress conditions (Shamma et al., 2009). A 
greater root length and mass is needed to extract water from a deeper soil 
profile or a wider area under stress conditions. Salt stress is usually 
associated with water stress and an inability of plants to absorb water 
(Maggio et al., 2001).   
Plants, Like Yazd and Higazee, with a greater ability for root 
production would be more adapted to growth under saline condition.    
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Conclusion 
 
The study has shown that salinity above 2.5 dSm-1 delayed alfalfa 
(Medicago sativa L.) seed germination percentage. The threshold value at 
which plants germinated was 9.3 dSm-1 (1:5 Seawater: Freshwater) for all 
cultivars. Water with EC up to 3.4dSm-1 may result in a moderate 
germination percentage. 
The study has shown that alfalfa plant height, leaf number and 
root/shoot ratio were reduced by saline water at levels greater than 2.5 dSm-1 
and also that there is a degree of variation in salt tolerance within the 
species. Cultivar Yazd appeared to be the most salt tolerant in terms of plant 
height, leaf number and root/ shoot ratio with. It was generally observed that 
Cuf101 and Siriver are low growers even under tap water, and may thus be 
less adapted to the local conditions under which the experiments were 
carried out. 
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